SUMMARY. Stock biomass of the Pacific stock of Scomber japonicus decreased from ca. 4-6 million tons during the early and mid 1970's to less than one million tons in the 1990's. This decline was probably caused from over-fishing and decreased reproductive success corresponding to regime shifts in the late 1970's and 1980's. We decided to keep the spawning stock biomass (SSB) above 0.45 million tons, because 1) no recruitment failures were observed above this level and 2) this SSB can be attained by preserving dominant year classes until their maturation (age-3). Problems of the allowable biological catch determination method in Japan were discussed and a practical solution was presented.
INTRODUCTION
The Pacific stock of chub mackerel, Scomber japonicus, distributes from costal Japan to high seas as east as around the 1809 longitude.1 This stock has been harvested by Japanese and Russian fisheries. After the peak of the catch (1.5 million tons) in 1978, catch decreased to less than 25,000 tons in 1990. In 1992, 1996 and 2000, dominant year classes appeared, however, intensive fishing on immature fishes (age-0 and age-1) prevented recovery of the stock (Fig. 1) . 2, 3 In order to rebuild this stock, we examined 1) current status of the Pacific stock of chub mackerel, 2) optimal harvest age and, 3) a stock rebuilding policy using dominant year classes.
MATERIALS AND METHODS
Stock abundance was estimated by virtual population analysis (VPA)4,5 tuned with abundance indices from midwater trawls and driftnet surveys and wintering stock abundance index calculated from purse seine fishery data for age-0 stock numbers, and tuned with number of effective shots of the purse seine fishery, which account for approximately 80% of the total catch, for age-aggregated fishing mortality coefficient F. We also assumed an identical F for age-5 and a plus group (age-6 and older, abbreviated as 6+) for each year, because of no substantial differences in spatial distribution and body size between age-5 and the plus group. Catch-at-age data ( Fig. 1 Table 1 since growth and maturation were found density -dependent.
In this paper, we used a fishing year system starting from July and ending in June of next year.
Equations (1)- (7) were used to determine selectivity of each age in the terminal year (in this case 2000)5:
where Nƒ¿,y is stock numbers of age a at year y, Ca ,y is catch, and p indicates a plus group.
F, except for terminal F, and F for terminal year and terminal age were determined with equations (5) and (6), and (7) Then, using the selectivity in the terminal year, we obtained age-aggregated F (arithmetic mean of age 0-6+) for terminal year by minimizing the sum of squares (SSQ):
where, i is a tuning index (i=1, 2, 3) in year y, X is number of effective shots of purse seine fishery in yeary, qi is catchability coefficient for each index and Q is a inverse of catchability coefficient for purse seine fishery. Optimal harvest age under a sustainable condition of a stock was determined following the method of Matsuda et al. 7 , where we ignored the discount rate and we adopted growth and M parameters for larvae and juveniles from Watanabes) and our unpublished data. Thus, we adopted a survival rate of 0.004% from prolarvae to the time of recruitment to fisheries at the age of 9 months. For older fish, growth and maturation parameters were derived from those observed in low stock period ( (Fig. 3) . Fishing mortality coefficient considerably varied (Fig. 4) with extremely low values in 1990 and 1991 when chub mackerel stock declined but sardine population was still at the moderate level.
Sensitivity analysis of M on SSB in 2000 indicated that estimated SSB were 90 % and 114 % of the base case in M=0.3 and 0.5, respectively and for biomass 87% and 118%, respectively. The optimal harvest age for this stock was determined age-3 and older, and fishing is reasonable only for spawning season for age-3 (Fig. 6 ). This is compatible with the first age of 100% of maturation.
The dominant ages in the catch of actual fisheries shifted from age-2 in the 1970's and 1980's to age-0 or age-1 in the 1990's (Fig. 1) . Thus, the high exploitation rates on the immature fish during the 1990's, was considered growth and recruitment over-fishing. Recent studies on juvenile abundance in the Kuroshio-Oyashio Transition Zone in spring using a midwater trawl gear revealed that the survey-derived abundance had fairly good correlation to VPA-derived age-0 fish abundance for chub mackerel and Japanese sardine which recruited to fishing in autumn. Therefore, ABC for chub mackerel must be revised in a timely manner by using the spring trawl survey results and related information, in order to ensure preservation of immature fishes of dominant year classes. 
